Background: There is increasing evidence that metformin is safe and effective in the treatment of gestational diabetes (GDM), although it has not yet been widely accepted for routine practice. We compared pregnancy outcomes in women with gestational GDM treated with metformin or dietary measures alone. Methods: Women with GDM (324) not adequately controlled by diet received metformin according to protocol based on their home glucose results. Pregnancy outcomes in these women were compared with 175 GDM women treated with diet alone and matched for age and ethnicity. Results: The percentage of macrosomic babies (birth weight [BW] centile .90th centile) and small for gestational age (SGA) (BW ,10th centile) in the metformin group was significantly reduced compared with the diet group (12.7% versus 20%; P , 0.05 [macrosomia]; 7.7% versus 14.3% [SGA] P , 0.05). Conclusions: Metformin treatment had a favourable impact on the rates of macrosomia and SGA despite more severe glucose intolerance at baseline.
INTRODUCTION
In recent years, it has become clear that even mild degrees of glucose intolerance in pregnancy are associated with adverse outcomes. 1 The benefits of treatment for gestational diabetes (GDM) are now well established. 2, 3 Not only are complications for the neonate reduced by treatment, but also long-term obesity and diabetes in the offspring may be decreased. 4 Traditionally, treatment has been based on dietary measures with strict glucose targets before and after meals. When these targets are exceeded, insulin is widely recommended. While effective, insulin has the disadvantages of needing to be injected, the risk of hypoglycaemia, excessive weight gain and high costs associated with health professional time as well as the cost of the drug.
Metformin is emerging as a safe alternative to insulin in GDM and has been included by National Institute for Health and Clinical Excellence (2008) as a treatment option in GDM, albeit unlicensed. 5, 6 We have previously reported favourable pregnancy outcomes in GDM women treated with metformin compared with an age, weight and ethnicity-matched group of insulin-treated women managed according to the same care pathway. 7 We now extend this study by comparing maternal and neonatal outcomes in a large cohort of metformin-treated GDM women with a group of exclusively diet-managed GDM women with milder carbohydrate intolerance at baseline and managed according to our GDM protocol.
METHODS
Women diagnosed with GDM were recruited into the study. GDM was defined as one or more values following a 75 g glucose load; plasma glucose .6 mmol/L, two hours glucose .7.8 mmol/L in line with WHO criteria and including impaired fasting glycaemia. 8 Women with a history of GDM in previous pregnancies were also eligible to participate.
At the outset, all patients received individualized dietary advice from a specialist dietician taking into account the patient's weight, activity level and desired weight gain. They were taught home blood glucose monitoring by the diabetes specialist nurse and advised to self-monitor four times daily. Patients with three or more tests higher than target values (fasting .5.6 mmol/L, 1 hour postprandial .8 mmol/L, 2 hours postprandial .7 mmol/L) within a two-week period were considered to have inadequate glycaemic control. The treatment options of metformin and insulin were discussed with the patients. Metformin is contraindicated in renal (estimated glomerular filtration rate (eGFR) , 30 mL/minutes) or liver impairment, in hyperemesis gravidarum and where fetal growth is ,10th centile. An information sheet on metformin was given to all patients. Patients who consented to take metformin were started on 500 mg twice daily with meals and the dose gradually titrated up to a maximum of 3 g daily according to the results of home glucose monitoring.
All women were managed according to a well-established care pathway in the joint antenatal diabetic clinic aiming for a vaginal delivery at term. 9 According to this protocol, metformin is withdrawn in the presence of fetal growth restriction defined as fetal weight ,10th centile, oligohydramnios amniotic fluid index ,2 cm or reduced end diastolic flow in the umbilical artery.
Maternal ( pre-eclampsia, gestational hypertension) and neonatal outcomes (congenital anomalies, shoulder dystocia, prematurity [,37 weeks gestation], birth weight, birth weight centile for gestational age, 10 neonatal jaundice requiring phototherapy, hypoglycaemia [glucose,2.6 mmol/L] and respiratory distress needing respiratory support) were recorded for all patients.
We compared pregnancy outcomes in women managed exclusively by dietary and lifestyle measures with women requiring metformin in addition to diet and lifestyle advice. In addition, we compared outcomes in the metformin-treated women in our series with those reported in the seminal MiG study. 5 
ANALYSIS
Comparisons between groups were made using unpaired Student's t-test for normally distributed data and Fisher's exact or chi-squared tests for categorical data. Two-tailed tests were used for all analyses and statistical significance taken as P , 0.05. Continuous results were expressed as mean and standard deviation or median and range according to data distribution. Categorical data are presented as proportions.
RESULTS
Of 352 women identified as suitable for metformin, 10 declined the treatment after further discussion, and in 14 women metformin was withdrawn due to intolerance. In three patients, metformin was started at 29 weeks and then withdrawn one week later as the growth scan at 30 weeks showed babies at 10-15th centile. In one patient, metformin was initiated but stopped a few days later because the patient developed obstetric cholestasis. The latter four patients were excluded because their exposure to metformin was very limited (1 week or less) and too brief to have influenced outcome. The results presented are for the 324 women who took metformin to term either alone (286) or with supplemental insulin (38).
Baseline characteristics of women in the diet and metformin groups are shown in Table 1 . The groups were similar in mean age, ethnic mix and history of previous GDM. Patients in the metformin group had greater body mass index (BMI), were more likely to have a family history of diabetes, and had significantly greater fasting and two-hour values during glucose tolerance testing at 28 weeks screening.
Maternal outcomes are shown in Table 2 . Compared with women managed with diet alone, women receiving metformin were more likely to have an induced labour or planned caesarean section. Postpartum, glucose tolerance was more likely to be abnormal in the metformin-treated women.
Perinatal outcomes in the two groups are shown in Table 3 . Mean birth weight and mean birth centile were lower in metformin-treated patients although this failed to reach statistical significance. The proportion of large for gestational age (LGA) babies (birth centile .90th centile) or small for gestational age (SGA) babies (birth centile ,10th centile) was significantly lower in the metformin group. No significant difference was noted in the proportion of babies with congenital abnormalities, hypoglycaemia, shoulder dystocia, respiratory distress or requiring admission to the neonatal unit among the two groups. More babies of metformin-treated mothers required ultraviolet therapy for neonatal jaundice.
We further compared neonatal outcomes in obese and nonobese women within the metformin group (Table 4 ). Mean birth weight and numbers of babies .4000 g were significantly higher in the obese women.
Compared with metformin-treated participants in the MiG study, the metformin cohort in this study were of different ethnic mix, had lower mean BMI and lower glucose values during the 28 week screening glucose tolerance test ( Table 5 ). The development of gestational hypertension during pregnancy was similar although pre-eclampsia was less frequent in our study cohort in comparison with the MiG cohort ( Table 6 ). In all, 13.3% of metformin GDM mothers required additional insulin compared with 46.3% in the MiG trial. Labour was induced less often in our patients and preterm births occurred less frequently compared with the MiG group although emergency caesarean section was performed more often in our cohort. A much smaller proportion of women in our group required additional insulin to achieve glycaemic targets.
Perinatal outcomes in comparison to the MiG study group are shown in Table 7 . Mean birth weight centile was lower in our cohort. The proportion of LGA babies was significantly reduced in our metformin study population (12.7%) compared with the MiG cohort (19.3%) while the proportion of SGA babies was similar.
Preterm delivery (3.4%) was much reduced in our patients compared with MiG patients (12.1%). Admission to neonatal unit and numbers of neonates with significant hypoglycaemia was also reduced.
DISCUSSION
Despite greater glucose intolerance and hence increased risk at the start of our study, we found better pregnancy outcomes in our metformin cohort compared with the diet-alone group.
Metformin treatment was associated with less macrosomia and fewer SGA babies. These results support the use of metformin in GDM. Labour was induced more frequently in the metformin group reflecting our care pathway whereby women not yet in spontaneous labour by their due dates are induced in contrast to those on dietary measures alone who are allowed to wait up to a further two weeks. Nevertheless, the prevalence of preterm delivery and prematurity was very low in both groups.
Because metformin crosses the placenta, there have been concerns raised about possible adverse effects in the developing fetus or in later life. 11 In accordance with other studies 5, 7, 12 we found no evidence of teratogenicity or increase in anomaly rates which are to be expected as the metformin was not started until the third trimester. In this regard, results of studies of women with polycystic ovary syndrome treated with metformin throughout pregnancy are reassuring and include data on growth and motor-social development up to the first 18 months of life 13 Long-term childhood development is being recorded in the MiG Offspring Follow-up (TOFU) trial. Preliminary two-year data show no adverse effects compared with controls. 14 Final results are expected in 2015 and will provide much needed safety information.
Pregnancy outcomes in this study were more favourable than those reported in MiG. 5 This may reflect the different populations studied; just over half of our patients were Caucasians and the remainder were either African or Asian whereas 55% of participants in the MiG trial were Polynesian, Indian and Chinese. 5 Undiagnosed type 2 diabetes was much more frequent (8.5%) in the MiG subjects compared with our participants (3.7%). In addition, our cohort had lower mean BMI compared with the MiG patients and hence likely to have been less insulin resistant. In keeping with this suggestion, they were far less likely to require insulin to reach glucose targets. Thus they may have responded better to metformin.
Previous work on glucose-tolerant obese women suggests that obesity may have an independent effect on pregnancy outcomes. 15 We noted that obese women in the metformin cohort had babies with higher mean birth weight and a higher frequency of LGA babies in comparison with nonobese subjects.
An unexpected finding was an increase in neonatal jaundice requiring phototherapy in the metformin group. This has been observed previously but not in all studies. 16, 5, 7 Hyperbilirubinaemia could be a marker of hypoxia in utero or result from birth trauma but we found no evidence of this in this study and no difference in Apgar scores was observed. We suspect it related to a small increase in the number of preterm infants in the metformin group.
A strength of this study is the relatively large cohort of patients investigated and treated in one centre by the same team and to a standardized protocol. However, caution is needed in interpreting our results given that we did not perform a randomized or blinded trial and hence it is possible that metformin-treated patients were healthier and had better outcomes than would be expected.
The baseline maternal characteristics do not suggest this and indeed indicate they had higher risk and more severe glucose intolerance than the diet-treated group. Furthermore, after the pregnancy and after metformin had been stopped, their glucose tolerance results were again noted to be worse than the diet-only group.
CONCLUSION
Maternal and neonatal outcomes of women treated for GDM with metformin showed favourable outcomes compared with women with milder glucose intolerance managed by diet alone. Results for metformin in this study also compared well with those from the MiG study. These data add to increasing evidence supporting the use of metformin in GDM.
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